A ortic stenosis (AS) is the most common valvular heart disease in the elderly; it affects 4.6% of adults older than 75 years. 1 Aortic valve replacement (AVR) is recommended for symptomatic patients with severe AS or for those with left ventricular dysfunction, because their prognosis without surgical treatment is poor. 2, 3 Despite these facts, many symptomatic patients do not undergo operation. Data from the Euro Heart Survey on valvular heart disease revealed that Յ30% of patients with severe AS do not undergo AVR. 4 Others reported even higher rates of Յ41%. 5 In part, elderly patients with AS are reluctant to undergo surgery because of the potential of excess complications attributed to their advanced age and other comorbidities.
Transcatheter aortic valve implantation (TAVI) has been designed as a new option for this high-risk population. Current randomized TAVI trials for severe AS include high-risk patients for AVR defined as Society of Thoracic Surgeons (STS) score of Ͼ10 or a logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE) of Ͼ20. In addition, all of the candidates for TAVI are evaluated by a study surgeon regarding their operative risk. Many patients with severe symptomatic AS who are screened for TAVI trials are not eligible based on strict inclusion/exclusion criteria. The aim of our study was to assess the prognosis of patients who are currently ineligible to participate in TAVI trials and to examine the clinical, echocardiographic, and hemodynamic factors associated with subsequent mortality.
Methods

Patient Population and Selection
The present was study was approved by the institutional review board of Washington Hospital Center. The study population included patients with symptomatic severe AS at high surgical risk, those considered non operable, and those who were referred for consideration for a randomized TAVI trial from April 2007 to July 2009. All were screened and consented for the study. This report details the outcomes of those patients who were not randomized because they failed to meet the inclusion/exclusion criteria of a TAVI study and were referred to an alternative treatment strategy.
Screening included an interview, clinical examination, ECG, laboratory assessment, and 2D echocardiography including continuous wave Doppler examination of the aortic valve. The aortic valve flow gradient and valve area were calculated according to the recommendations of the American Society of Echocardiography. 6 In addition, all had left and right cardiac catheterization and assessment of the peripheral vascular tree by angiography and computer tomography. STS score and the logistic EuroSCORE were calculated using the Web-based systems (http://209.220.160.181/STSWebRiskCalc261/de.aspx and http://www.euroscore.org, respectively). All of the patient data were prospectively entered into a dedicated database.
The study population was divided in 2 groups. Group 1 (medical group) included those unsuitable for surgical AVR or randomization in a TAVI trial. They were treated medically with or without balloon aortic valvuloplasty (BAV). Group 2 (surgical group) included those who underwent operative AVR after exclusion from a TAVI trial. The treatment decision was made by a multidisciplinary team (interventional cardiologist, cardiac surgeon, and primary cardiologist). For patients deemed inoperable, BAV was pursued if the patient had critical AS with deteriorating symptoms or for evaluation of the reversibility of pulmonary hypertension, left ventricular dysfunction, or mitral regurgitation. All of the patients were followed by telephone contact or office visit.
Statistical Analysis
Statistical analysis was performed using SAS version 9.1 (SAS Institute, Inc). Continuous variables are presented as meanϮSD and categorical variables as proportions and percentages. Follow-up days are presented as medians (25th, 75th percentiles). Differences among continuous variables were assessed by using Student t test. Categorical variables were compared using the 2 test or Fisher exact test, as indicated. Significance was set at PϽ0.05. The correlates with clinical electrocardiographic, echocardiographic, and hemodynamic variables on mortality were studied with Cox proportional hazards regression analysis. To determine independent correlates of mortality, we initially performed a Cox proportional hazard regression univariable analysis using all of the variables recorded in the categories of clinical electrocardiographic, echocardiographic, and hemodynamic variables. In the medical/BAV group, all of the univariable correlates of morality with a P value Յ0.05 were then used in a stepwise multivariable Cox regression model. Cumulative survival curves were constructed using the Kaplan-Meier method, and the significance was assessed using the log-rank statistic. The hospital stay was calculated as the time from surgery to discharge or to death.
Results
From April 2007 to July 2009, 469 patients with severe AS were referred for participation in a TAVI trial in our center. A total of 362 patients (77.1%) were screened but not randomized for the trial. The main exclusion criteria were low STS score Ͻ10% in 72 (20%), peripheral vascular or aorta disease in 58 (16%), aortic valve area Ͼ0.8 cm 2 in 54 (15%), significant coronary artery disease requiring revascularization in 43 (12%), and renal failure in 25 (7%). Of these 362 patients, 75 (20.7%) had 2 exclusion criteria and 26 (7.1%) had 3 exclusion criteria causes ( Figure 1 ). The 362 patients were divided into 2 groups according to treatment undertaken. Group 1 (medical group) included 274 medically treated patients (75.7%). Of those 274 patients, 177 (64.6%) had BAV after the initial evaluation. Group 2 (surgical group) included 88 patients (24.3%).
Baseline Characteristics
Baseline characteristics are displayed in Table 1 . The surgical group had less comorbidities compared with the medical group, as represented by lower STS and logistical Euro-SCOREs. A similar pattern for more favorable laboratory, echocardiographic, and hemodynamic values in the surgical group is shown in Table 2 . Particularly significant are the greater degree of pulmonary hypertension in the medically managed group and the larger cardiac output in the surgically treated patients. Figure 2 shows Kaplan-Meier survival curves for the 2 groups. The median follow-up was 378 days (range: 164 to 633) in the medically treated group and 386 days (range: 169 to 641) in the surgical group. The mortality rate in the surgical group was significantly lower compared with the medical/BAV group at 6 months, 1 year, and 2 years: 16.9% versus 31.8%, 22.9% versus 39.6%, and 28.1% versus 53.4%, respectively (PϽ0.001). Three patients (3.4%) died during surgery. The 30-day mortality rate in the surgical group was 12.5% (nϭ11), and in-hospital mortality was 17% (nϭ15; 4 patients died in hospital after 30 days of hospitalization). The median time from surgery to death was 12 days (range: 1 to 72 days). The median time from screening to death in the medical group was 65 days (range: 24 to 180 days).
Follow-Up
Postoperative hospital stay was a median of 12 days (range: 8 to 19 days) in those who underwent operative treatment. Of the 73 patients discharged from the hospital, 13 (17.8%) were discharged to nursing care facilities because they were debilitated and dependent on a tracheotomy or a gastrostomy. Five patients (6.8%) had had a major cerebrovascular event. Table 3 details the causes of death in both groups. The cause of death was known to be cardiac related in 43.1% of the medically managed patients. In an additional 20.6%, the cause of death is unknown. Thus, cardiac death could account for nearly two thirds of the total. In the surgical group, 9 (47.3%) of the 19 deaths were cardiac.
Cause of Death
Mortality Correlates
Factors associated with mortality in the medically managed patients are presented in Table 4 . After multivariable adjustment, the strongest correlates for mortality were renal failure (hazard ratio [HR]: 5.88; PϽ0.001), New York Heart Association class IV (HR: 4.16; Pϭ0.001), and aortic systolic blood pressure (HR: 0.98; Pϭ0.01). Age was not associated with mortality in the univariable and multivariable analyses. (Table 5 ).
Discussion
Nonoperable Patients
Our study results confirm an exceedingly poor prognosis for patients with symptomatic severe AS who are not candidates for surgery. Even the best in contemporary medical management with the addition of judiciously applied BAV, 37.2% Vmax indicates maximum velocity; hs-CRP, high-sensitivity C reactive protein; NT-proBNP, N-terminal prohormone brain natriuretic peptide; CTnI, cardiac troponin 1. Data are meanϮSD unless otherwise specified.
had died by 1 year. Our findings agree with those of Gardin et al, 7 who reported that, among symptomatic patients with moderate-to-severe AS treated medically, the mortality rates after onset of symptoms were Ϸ25% at 1 year and 50% at 2 years. Furthermore, Shareghi et al 8 reported 1-, 2-, and 3-year mortality rates of 44%, 62%, and 71%, respectively, in inoperable AS patients after BAV.
Operable Patients
In patients carefully selected for operative valve replacement, the 1-year mortality rate was 21.5%, which was lower than that in the medically managed patients. This difference is not surprising, because patients selected for "high-risk" surgery as defined by increased STS and EuroSCORE had fewer comorbidities than those who were medically managed.
Assessment of Operative Risk
TAVI is intended for use in symptomatic patients with severe calcific AS who have a prohibitive risk for open chest surgery because of comorbid conditions. Defining surgical outcomes is not straightforward, because different models have limitations in predicting risk. An STS risk score Ͼ10 and a logistic EuroSCORE Ͼ20 are most often used to define high risk. The EuroSCORE, based on a large patient database drawn across Europe, has been developed to predict hospital mortality after adult cardiac surgery. 9 It is a well-established and validated tool to estimate the risk of in-hospital death of individual patients undergoing cardiac surgery. 10 It has been shown to predict early 11 and long-term mortality after heart valve surgery. 12 Unfortunately, this algorithm has been shown to persistently overestimate mortality rate. The STS score is derived from a voluntary registry of practice outcomes and estimates the risks of mortality, morbidity, renal failure, and length of stay after valvular and nonvalvular cardiac surgery. 13 This score has been shown to underestimate the true morality rate after cardiac surgery, but it more closely reflects the operative-and 30-day mortalities for the highest-risk patients having AVR. 14 The predicted mortality in the surgical AVR group was 8.5% by STS score and 24.4% by logistic EuroSCORE. The actual operative mortality rate (3.4%) and total in-hospital mortality rate (17.4%) are higher than the 30-day mortality rate predicted by STS score. Many of the high-risk features not included in the risk algorithms, such as porcelain aorta, frailty, cirrhosis, radiation chest wall, and chest wall deformities, can explain the higher 30-day mortality.
It is important to remember that STS score and EuroSCORE algorithms were constructed based on outcomes after surgery. These scores, therefore, have limited applicability to patients who are not surgical candidates. In our surgical group, both high STS and EuroSCOREs were associated with a greater operative mortality. Neither was, however, the strongest correlate of mortality in either population. Renal failure was the strongest correlate of outcome in the surgical population.
Correlates of Mortality in Nonoperative Patients
Because neither STS nor EuroSCORE is readily applicable to the medically treated group, we undertook a detailed analysis of their clinical features at baseline and their relation to prognosis (Table 4 ). Functional status and hemodynamics are well-known determinants of prognosis in patients with severe AS who are treated medically, 15, 16 and renal failure is reported to be a significant correlate of worse outcome in high-risk patients undergoing AVR surgery. 12, 17, 18 Our results are congruent with the following observations: renal failure was the correlate for mortality in both operative and nonoperative groups, and in the medically managed group, New York Heart Association class and systolic aortic pressure were additional independent correlates of mortality. In the surgical group, previous bypass, STS score, and EuroSCORE were associated with mortality.
Age was not associated with higher mortality in either the medical/BAV group or in the surgical group. Nearly all of the patients were older, with an average age near 80 years. Thus, it is likely that the lack of an age spread and the influence of comorbid conditions obscured any effect of age. The notion that comorbid processes are more important than age alone in the prognosis of these patients is supported by the relatively good outcomes reported recently for surgical AVR in very elderly patients (Ͼ80 years). 19 -21 
Quality of Life Issues
In an elderly population, mortality risk is not the only consideration. It is clear from our data that quality of life considerations are important. One fifth of the patients who were discharged alive after operation experienced a reduced quality of life, and some lost their independence. Moreover, even successful valve replacement does not prevent mortality attributable to the patient's comorbid conditions. Mortality was attributed to a noncardiac cause in 36.2% of the unoperated group and 52.6% of the surgical group. In the surgical group the noncardiac deaths were mostly related to the surgery and its complications.
Using the Edward-Sapien valve, Webb et al 22 reported their results in 168 patients. Of those 168 patients, 113 with transfemoral approach had a 1-year mortality rate of 26%. In the Canadian multicenter TAVI program, 23 the mortality at 1 year with the transfemoral approach (nϭ162) was 25% and with the transapical approach (nϭ177) was 22%. The pooled analysis of Registry of EndoVascular Implantation of Valves in Europe (REVIVE); tRans-catheter EndoVascular Implantation of VALves (REVIVAL); and Placement of AoRTic TraNscathetER Valves Trial Europe (PARTNER EU) 24 showed similar results with the transfemoral approach (nϭ222) with 1-year mortality at 25%. The 1-year mortality rate with the transapical approach (nϭ281) was 42%, but the risk profile of the patients included in the transapical group was higher compared with the transfemoral group. In our cohort, the 1-year mortality rate in the surgical group was comparable to other TAVI trials; however, those patients were at much lower risk compared with the medical or TAVI patients and still had high rates of complications. The potential benefits of TAVI in complex patients are supported by encouraging preliminary data; its future will ultimately be defined in the ongoing largest randomized multicenter trial, Placement of Aortic Transcatheter Valves, which is enrolling in North America and Canada. In cohort A, patients are randomized between TAVI and surgical AVR, and in cohort B patients who are not suitable surgical candidates are randomized to medical therapy versus TAVI.
Conclusions
This study confirms that patients with severe symptomatic AS who are not included in the TAVI trials have exceptionally poor 1-year prognoses. These patients are exposed to high mortality rates irrespective of the treatment modality, medical or surgical. Importantly, quality of life was often compromised by the morbidity associated with the surgical procedure. Clinical factors such as renal failure, New York Heart Association class, and decreased blood pressure are more predictive of mortality than is the risk score model in medically managed patients. Renal dysfunction was the strongest correlate of outcome in the surgically treated group. It remains to be seen whether this patient population may benefit from TAVI with respect to overall mortality rates and quality of life.
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